. The tolerance of 26 Bacillus species isolated from alkaline fermented foods, ¢ve other bacilli and nine non spore-forming bacteria to alkaline pH and ammonia was determined. All grew at pH 7, 8 and 9 in the presence of 930 mmol l À1 NH 4 at pH 7Á0, and in the presence of NH 3 concentrations up to 5 mmol l À1 at pH 7Á0 and 8Á0. At higher NH 3 concentrations, growth of some of the bacteria was inhibited and at 500 mmol l À1 only B. pasteurii and B. pumilus grew. Bacteria from alkaline food fermentations included strains relatively sensitive to NH 3 (inhibited by 50 mmol l
INTRODUCTION
Traditional, proteolytic, alkaline food fermentations include Japanese natto, Thai thua-nuo, Nepalese kinema, African daddawa, iru and others (Steinkraus 1991 (Steinkraus , 1996 . All of these fermentations involve the fermentation of proteinaceous, usually leguminous, substrates by Bacillus subtilis and/or other Bacillus species. A major activity in the fermentation is the hydrolysis of proteins to amino acids and peptides. Oxidation of the amino acids by the bacteria results in the accumulation of ammonia and increase in pH value and this leads to the traditional products having a distinctly ammoniacal smell. Japanese natto is now made with pure cultures of B. subtilis but the traditional products commonly contain other Bacillus species as well as non-spore-forming bacteria. Steinkraus (1991 Steinkraus ( , 1996 stated that`in all these fermentations, the alkaline pH helps B. subtilis dominate the fermentations by hydrolysing protein to amino acids and peptides and releasing ammonia, which makes the substrate unsatisfactory for invasion by micro-organisms that might spoil the product.' However, there appear to be no data to support this assertion, and Sarkar et al. (1993) failed to detect any interaction between growth of B. subtilis and Enterococcus faecium in laboratory soybean fermentations. The aim of this study was to compare the tolerance to alkaline pH and high concentrations of ammonia of bacilli isolated from thua nuo and natto with that of other bacilli and representative non-spore-forming bacteria in order to see if tolerance to ammonia could be a factor in the ecology of proteolytic food fermentations.
MATERIALS AND METHODS

Micro-organisms
The 40 strains used included 26 Bacillus species from alkaline fermented foods, an Enterococcus faecium isolated from kinema, B. pasteurii, a known alkaliphilic, ammonia-requiring species, and some Gram-positive and Gram-negative bacteria not speci¢cally associated with alkaline fermented foods (Table 1) . Experimental media. Experimental media were similar to medium EHG with the omission or addition of (NH 4 ) 2 SO 4 as required. The mineral salts/HEPPS/(NH 4 ) 2 SO 4 mixture was prepared in 955 ml water, the pH was adjusted to the required value, and the mixture was sterilized by autoclaving at 121 C for 15 min. Experimental media were made by adding sterile glucose solution (100 g l
À1
, sterilized by autoclaving at 121 C for 15 min), 10 ml; MEM amino acids solution (Sigma M 7020), 10 ml; MEM nonessential amino acids solution (Sigma M 7145), 20 ml; and Grace's vitamin solution (Sigma G 9897), 5 ml. Media were dispensed in 2-ml amounts in sterile 6 -ml screw capped bottles and then incubated at 30 C for 48 h to con¢rm sterility.
For the growth of B. pasteurii, urea (50 mmol l
, sterilized by ¢ltration) was also added to the media ( Jahns1996).
Determination of the minimum inhibitory concentration of NH 3
Bacteria were grown in medium EHG, pH 7Á0, at 37 C for 12 h and were then diluted in the same medium to make a just visibly turbid suspension. Duplicate bottles of test media were each inoculated with one Pasteur pipette drop of this suspension.The caps of bottles were screwed tight to prevent absorption of CO 2 from, or loss of NH 3 to, the atmosphere. The headspace in the cultures (4 ml) was estimated to provide su¤cient O 2 to allow aerobic utilization of the glucose provided.
Cultures were incubated at 37 C and examined for turbidity for up to 2 d. When growth appeared, the pH value of the culture was measured and it was subcultured to a bottle of the identical medium, to con¢rm growth in the test medium, and or OH^, strains were tested for ability to grow in media at pH 7, 8 and 9 and in medium containing 9301 mmol l À1 of NH 4 .
RESULTS AND DISCUSSION
Characteristics of cultures
The pH values of the media after incubation were within 0Á2^0Á4 units of the initial values and, hence, the concentrations of NH 3 , NH 4 and OH^to which the microbes were exposed were close to the intended/calculated values throughout the period of growth.
Effect of OH ± on growth
All of the bacteria tested grew at pH 7, 8 and 9 (OH^concen-trations of 10
À4
, 10 À3 and 10 À2 mmol l
À1
; Table 2 ) although some, such as E. coli, grew much more slowly at pH 9 than at pH 8 or 7. Thus, the failure of some strains to grow in media containing high concentrations of (NH 4 ) 2 SO 4 at pH 8 or 9 can be attributed to the inhibitory e¡ects of (NH 4 ) 2 SO 4 . However, it cannot be excluded that inhibition of growth in some cases was due to the combined e¡ects of high concentrations of OH^and (NH 4 ) 2 SO 4 .
Effect of NH 4 on growth
All the bacteria tested grew in the presence of 931 mmol l
NH 4 at pH 7Á0 ( Table 2 ), indicating that failure to grow in the presence of (NH 4 ) 2 SO 4 at higher pH values was not due to toxicity of high concentrations of NH 4 or SO 4 2^b ut to the toxicity of NH 3 . Again, it cannot be excluded that inhibition of growth in some cases was due to the combined e¡ects of high concentrations of OH^, NH 3 and, possibly NH 4 and SO 4 2 À .
Effect of NH 3 on growth
All 40 bacterial strains grew in the presence of NH 3 concentrations up to 5 mmol l À1 at pH 7Á0 and 8Á0 (Table 2) . At higher concentrations, growth of some of the bacteria was inhibited , the highest concentration tested, only B. pasteurii and B. pumilus grew (Tables 2 and 3) .
Cultures that failed to show growth after 2 d incubation still contained viable cells able to grow on nutrient agar, suggesting that minimum growth-inhibiting concentrations of NH 3 were bacteriostatic rather than bacteriocidal.
Most of the cultures exhibited their normal cellular morphology in all the media supporting growth but B. subtilis N5 formed long curled or helical ¢laments in the presence of 50 mmol l À1 NH 3 and B. cereus T41 formed long ¢laments in the presence of150 mmol l À1 NH 3 . Bacteria particularly sensitive to NH 3 (inhibited by 25 mmol l À1 ) or especially tolerant to NH 3 (growth in the presence of 300 mmol l
À1
) included both Gram-positive and Gram-negative strains and there was no evidence for sensitivity or tolerance being associated with any speci¢c bacterial genera.
B. pasteurii has long been characterized as an alkaliphilic, ammonia-requiring bacterium able to grow in the presence of high concentrations of ammonia (Gibson 1934; Bornside and Kallio 1956; Jahns 1996) . Previous workers have not, explicitly, di¡erentiated between its tolerance to NH 4 or NH 3 . Jahns (1996) reported that B. pasteurii ATCC 11859 (NCIMB 8841) grew in the presence of 300 mmol l À1 NH 4 at pH 9Á0, corresponding to an NH 3 concentration of 161 mmol l
. B. pasteurii NCIMB 8841, used here, grew well in the presence of 931 mmol 1 À1 NH 4 at pH 9Á0, corresponding to an NH 3 concentration of 500 mmol l
. Jahns (1996) suggested that urea hydrolysis in B. pasteurii is involved in an ATP-generating system and the high tolerance to NH 3 may be associated with this.
Role of NH 3 in inhibition of spoilage or pathogenic bacteria in alkaline food fermentations Bacteria isolated from alkaline food fermentations included strains relatively sensitive to NH 3 (inhibited by 50 mmol l À1 ) and relatively tolerant strains (grew in the presence of 300 mmol l
) and there was no evidence that they were any more or less tolerant to NH 3 than bacteria not associated with these fermentations (Table 3) . Hence, there was no evidence to support Steinkraus's (1991; suggestion that the alkaline pH and production of NH 3 help B. subtilis dominate these fermentations by discouraging the growth of other bacteria.
It is also the case that the initial pH (6Á4^6Á6) and total ammonia levels (1^3 mmol kg À1 wet weight; Sarkar et al.1993; Allagheny et al. 1996) of cooked soybeans are too low to have any di¡erential e¡ect on the initial micro£ora. In the ¢nal fermented products the maximum total ammonia concentrations are 200^300 mmol kg À1 wet weight (Ohta 1986; Sarkar et al. 1993; Allagheny et al. 1996; Leejeerajumnean, unpublished observations) , corresponding to NH 3 concentrations at pH 8Á0^8Á5 of 10^45 mmol kg À1 wet weight. It is possible that NH 3 concentrations are higher in the surface layer of microbial growth than these values averaged over the entire bean, but this concentration e¡ect may be counteracted by the near neutral pH value during the phase of maximum microbial growth (Sarkar et al. 1993) . Thus, it appears that NH 3 concentrations are unlikely to be high enough during the fermentation to prevent the growth of many spoilage or pathogenic bacteria (Table 3 ). This conclusion is supported by the many reports of the presence of a great variety of bacteria in traditional alkaline fermented foods (Antai and Ibrahim 1986; Ogbadu and Okagbue 1988; Aderibigbe and Odunfa 1990; Sarkar et al. 1993; Nout et al. 1998) . Rather, the dominance of the micro£ora of these traditional fermentations by B. subtilis and some other Bacillus species is most likely a consequence of the survival of their spores on the dry seed substrates, the survival of their spores and the elimina- tion of vegetative bacteria during the cooking of the beans, and the rapid germination and growth of the spores on the cooled, cooked beans. Thus, avoidance of contamination of these fermentations by undesirable microbes depends, as always, on good hygienic practices.
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